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Abstract 
One of the critical logic deployment challenges faced by intelligent airbag system is whether the system can 
accurately determine the type of the occupant sitting in different postures. The main objective of this paper is the 
application of seat pressure sensors to predict the occupant classification, such as 5th percentile adult female and 50th 
percentile adult male and 95th percentile adult male. In the experiments, the occupants are recruited to sit in specified 
postures. During sitting, the pressure data of the occupants are measured. After that, T-S fuzzy model is introduced to 
investigate the highly nonlinear relationship between the pressure and the weight of the occupant. Finally, the system 
uses the weight information to determine the type of the occupant. Since the good validity and accuracy of the weight 
calculated by the T-S fuzzy model are shown in the experiments, the proposed algorithm can effectively identify the 
type of the occupant. 
© 2011 Published by Elsevier Ltd. 
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Keywords: intelligent airbag system; occupant classification; genetic algorithm; T-S fuzzy model. 
1. Introduction
With the increasing requirements on vehicle safety, traditional airbag system can not been able to meet
the modern traffic requirements on safety. 
In order to improve the safety of airbag, automobile manufacturers continue to research and introduce
a variety of intelligent airbag systems. Intelligent airbag system can collect and use vehicle occupant 
characteristic information (including occupant type and occupant posture), build occupant characteristic 
information database, identify the information of occupant during a crash, and deploy the airbag 
appropriately, providing the best protection for the occupant. Therefore, the detection accuracy of vehicle 
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occupant classification is the precondition and plays a vital role in controlling airbag detonation time and 
inflation strength during the crash. 
According to the use of different measurement sensors, vehicle occupant classification technologies 
that are commonly used in the international mainly include vision [1], ultrasonic [2], weight [3], and 
electric-field sensing [4]. These four technologies use the camera, ultrasonic sensor, pressure sensor and 
inductive sensor, respectively. 
During the development of the vehicle occupant classification system based on pressure sensor, the 
author of this paper found that the change in sitting posture must result in the dynamic change of the 
pressure distribution. And according to a huge amount of the test samples, such kind of change bears 
obvious good statistic rules. 
Through accurately analyzing the seat surface pressure distribution of different occupants sitting in 
different postures, this paper attempts to present a new approach of vehicle occupant classification which 
can classify the occupant according to the weight computed by the pressure distribution. Taking into 
account the interference of the change in sitting posture, this paper established an occupant classification 
algorithm with T-S fuzzy model which is suitable for eliminating the interference and has generalizing 
capability as well as non-linearity process. 
2. Vehicle occupant classification algorithm 
As vehicle occupant classification is a fuzzy concept, it is advantageous to apply fuzzy model to 
identify the type of the occupant. In this paper, T-S fuzzy model is introduced to calculate the weight of 
the occupant. And according to this weight information, the occupant is classified. The block diagram of 
vehicle occupant classification algorithm is shown in Fig. 1. 
 
 
Fig. 1. Block diagram of vehicle occupant classification algorithm 
2.1. T-S fuzzy model 
T-S fuzzy model is a system described by fuzzy IF-THEN rules which can give local linear 
representation of the nonlinear system by decomposing the whole input space into several partial fuzzy 
spaces and representing each output space with a linear equation [5].  
The structure of the T-S fuzzy model consists of three main components: the antecedent part, the rule 
base and the consequent part. Input variables are represented by membership functions [6].  
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Compared with the normalized standard membership functions (including triangular, trapezoidal, 
Sigmoid, and Gaussian membership functions), generalized Gaussian membership function is adaptive. It 
can change the shape according to its parameters. If the membership functions of T-S fuzzy model are all 
generalized Gaussian membership functions, the T-S fuzzy model is defined as Generalized T-S Fuzzy 
Model [7]. 
When n input variables 1 1( , ,..., )nx x x , a single output variable y, and m rules are considered, the 
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k j j jp p a b c are the parameters of the generalized T-S fuzzy model and Π  stands for min 
operation. 
When the desired input-output data pairs that are acquired from a system are given, the problem of 
fuzzy modeling is to build a fuzzy model that can approximate the input-output relationship properly. 
Thus, design of a fuzzy model needs to optimize the parameters so that the error between the fuzzy model 
output and the desired output should be minimized. In equation (1), the input-output data can be acquired 
from the experiments, and (4 1)n m   independent parameters need to be optimized.  
2.2. Genetic algorithm for T-S fuzzy model parameters tuning 
Genetic Algorithm is a method to obtain an optimal solution by applying a theory inspired by 
biological evolution [8]. It requires only the information about the fitness value determined by each 
parameter set. In this paper, Genetic Algorithm is used to optimize the parameters of generalized TS 
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where Yl is the output from T-S fuzzy model, yl is the desired output data, and L is the number of data 
pairs. 
After that we can use the weight information calculated by the generalized T-S fuzzy model to 
determine the type of the occupant. 
3. Experiment
In the experiments, pressure data of 22 occupants sitting in different postures are measured. The 
occupant measurement system which consists of NI’s PXI system and Tekscan’s FlexiForce sensors is 
shown in Fig. 2. The samples distribution is shown in Fig. 3.  
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Fig. 2. The vehicle occupant measurement system 
 
Fig. 3. The test samples distribution 
The specified occupant sitting postures [9] are shown in Table 1. 
Table 1. Occupant sitting postures 
Occupant sitting postures 
1 Occupant sitting upright, with leg 90 degree bent 
2 Occupant sitting upright, with leg natural reach 
3 Occupant sitting upright, with two knees towards outboard 
4 Occupant sitting upright, with two lower legs crossed at the ankles 
5 Occupant sitting on the front portion of the cushion and leaning the seat back 
6 Occupant in half forward leaning posture 
 
The results of weight calculated by T-S fuzzy model are shown in Fig. 4. The red bar is the desired 
weight of the occupant, the blue bar is the minimum calculated value of different sitting postures, and the 
green bar is the maximum calculated value of different sitting postures. 
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Fig. 4. Results of weight calculated by T-S fuzzy model 
4. Conclusion 
In this paper, an occupant classification algorithm with the method of T-S fuzzy model is presented. 
This approach can calculate the weight of the occupant eliminating the interference of the change in 
sitting posture, and use weight information to identify the type of the occupant. 
In the following work, we should acquire more test samples of different type of occupants sitting in 
different posture to raise the recognition accuracy. 
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